Abstract. Coat proteins of *100-kD (adaptins) are components of the adaptor complexes which link clathrin to receptors in coated vesicles. The c~-adaptins, which are found exclusively in endocytic coated vesicles, separate into two bands on SDS gels, designated A and C (Robinson, M. S., 1987. J. Cell Biol. 104:887-895). Two distinct cDNAs (sequences 1 and 2) encoding the two oL-adaptins were cloned from a mouse brain cDNA library. Southern blotting indicates that there is one copy of each of the two a-adaptin genes, and that there are no additional closely related genes. Based on the size of the predicted protein products of the two genes (108 and 104 kD), the relative abundance of the two messages in brain and liver, and the reactivity of a sequence 1 fusion protein with different antibodies, it was possible to conclude that sequence 1 codes for A and sequence 2 for C. The two protein sequences are strikingly homologous to each other (84% identical amino acids), the major difference being an additional stretch of 41 amino acids, rich in prolines and acidic residues, inserted into the COOH-terminal half of A. In situ hybridization carried out on mouse brain sections indicates that the same cell type may express both transcripts, but that their relative expressions vary. Antipeptide antibodies are now being raised to find out whether the proteins are localized in functionally distinct populations of endocytic coated vesicles.
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M
OST eukaryotic cells contain at least two types of clathrin-coated pits and vesicles. Coated vesicles that bud from the plasma membrane are involved in receptor-mediated endocytosis: they concentrate certain receptors and their bound ligands, allowing these proteins to be efficiently internalized. Endocytic coated vesicles also participate in the recycling of secretory granule membrane, and thus are particularly abundant in neuronal cells (Heuser and Reese, 1973) . A second type of coated vesicle is associated with the Golgi apparatus and is thought to play a part in the targeting of newly synthesized proteins to lysosomes and secretory granules (Griffiths and Simons, 1986) .
In addition to clathrin, receptors, and ligands, coated vesicles contain clathrin-associated proteins, which have at various times been called assembly proteins (Zaremba and Keen, 1983) , 100K/50K complexes (Pearse and Robinson, 1984) , and, most recently, adaptors (Pearse, 1988) . The adaptors are believed to mediate the interaction between clathrin and the cytoplasmic tails of receptors (reviewed by Pearse and Crowther, 1987) , and therefore to determine which membrane proteins are to be recruited into a coated vesicle for transfer to another membrane compartment of the cell and which are to remain behind.
Two types of adaptors have so far been identified, called HA-I and HA-II because of their relative elution from hydroxylapatite columns (Pearse and Robinson, 1984) . Both have been shown to consist of a heterodimer of proteins of •100 kD, recently named adaptins (Pearse, 1988) , and two associated smaller proteins, all apparently at a 1:1:1:1 molar ratio (Keen, 1987; Ahle et al., 1988) . Each adaptor contains one copy of a fl-adaptin (fl or fl) and one copy of a specific adaptin: an o~-adaptin in HA-II and a 3'-adaptin in HA-I (Ahle et al., 1988) . The ot-adaptins are the best characterized so far. Two major t~-adaptin bands can be seen on SDS gels of bovine brain HA-H adaptors, and these have been designated bands A and C (band B, which runs in between the two t~-adaptin bands, is the fl-adaptin). A and C have been shown to be closely related to each other on the basis of peptide mapping, NH2-terminal sequencing, and monoclonal antibody cross-reactivity. However, while C appears to be expressed in all tissues, A has only been detected in brain (Robinson and Pearse, 1986; Robinson, 1987) .
Antibodies against the adaptins in the HA-II adaptor provided the first clue that different adaptors might be found in different types of coated vesicles. Cells that were stained with polyclonal antisera which reacted with both or-and /3-adaptins showed labeling of both plasma membrane and Golgi-associated coated vesicles, although different antisera gave somewhat different patterns (Robinson and Pearse, 1986) . However, cells that were stained with monoclonal antibodies against the two ct-adaptins (A and C), which did not cross-react with/~, showed labeling exclusively of plasma membrane-associated coated vesicles (Robinson, 1987) . Subsequently, Ahle et al. (1988) stained cells with monoclonal antibodies they had raised against fl and 3'-They showed that fl is found in both Golgi and plasma membrane-associ-ated coated vesicles, while 3' occurs only in the Golgi subset of coated vesicles. These results indicate that adaptor HA-II, containing a heterodimer of/3 and either aA or O~c, docks onto the plasma membrane, while HA-I, containing a heterodimer of/3' and % is targeted to the Golgi apparatus. Such a mechanism could allow the cell to sort different sets of receptors into coated vesicles budding from different membrane compartments.
Many questions still remain to be answered. For instance, what are the precise functions of the different proteins making up the adaptor complexes? Are there additional types of coated vesicles in the cell, and if so, do they contain different adaptors? Why is there a special type of HA-II in brain, conraining A instead of C? Are A and C distinct gene products, or are they alternatively spliced products of the same gene? Are they localized in different cells, or in different parts of the same cell?
As a first step toward addressing some of these questions, I have cloned and sequenced mouse brain cDNAs coding for adaptins aA and ac, the two related proteins found in the HA-II adaptor, cDNA clones encoding a/3-adaptin have also been isolated; these are now being sequenced and characterized by P. Parham and co-workers and will be described in a subsequent paper.
Materials and Methods

Isolation and Characterization of Clones
Adaptins tXA and txc were purified from bovine brain coated vesicles by "Iris extraction followed by a combination of gel filtration, hydroxylapatite chromatography, preparative gel electrophoresis, and SDS/hydroxylapatite chromatography, as described (Robinson and Pearse, 1986) . The pooled A-and C-containing fractions from the last column ('x,500/~g protein) were dialyzed against 20% ethanol containing 0.5 mM 2-mercaptoethanol, lyophilized, and dissolved in 500 #l 70% formic acid. Proteolysis was carried out with 'x,5 mg CNBr for 4 h at room temperature, after which the sample was lyophilized, dissolved in 100 #l 0.1% trifluoroacetic acid, and applied to a C18 Nucleosil microbore HPLC column. The peptides were eluted with a gradient of 0-50% CH3CN in 0.1% trifluoracetic acid, and the peak fractions were collected manually. Sequencing was performed with a gas phase sequencer (model 89013; Applied Biosystems, Inc., Foster City, CA) with on-line HPLC identification of the phenyithiohydantoin-derivitized amino acids.
Two separate mixed oligonucleotides were made for peptide 34 (see Table I ):
Recombinant DNA techniques were generally those described by Maniatis et al. (1982) . A bovine brain eDNA library constructed in )~gtl0 was kindly donated by A. E Jackson and E Parham (Department of Structural Biology, Stanford University School of Medicine, Stanford, CA) (Jackson et al., 1987) . Oligonucleotides were end labeled with 32p and used to screen 5 x 10 s plaques, washing the filters in 2x SSC at 42°C. Positive clones were plaque purified, digested with Eco RI to determine the size of the inserts, and Southern blotted onto nitrocellulose. Radioactive probes were made from the different inserts either by nick translation or by subcloning into M13 mpl9 and synthesizing a radiolabeled second strand which could then be cut with a suitable enzyme and gel purified.
A hgtll mouse brain eDNA library, kindly provided by Y. Citri (Weizmann Institute of Science, Rehovot, Israel) (Martinez et al., 1987) , was screened with the radiolabeled bovine brain inserts. Selected mouse brain inserts obtained from this screen were subcloned into a Bluescript plasmid vector (Stratagene Cloning Systems, San Diego, CA) for restriction mapping. Sequencing was carried out on consecutive and overlapping restriction fragments subcloned into M13 mpl8 or mpl9, using the dideoxy chain termination method (Sanger et al., 1977) . To sequence the entire coding region of both cDNAs in both directions, synthetic oligonucleotides were used as primers to fill in the gaps.
Northern and Southern Blots
For Northern blotting, poly A-containing RNA was purified from mouse brain and mouse liver by the lithium/urea method (Auffray and Rougeon, 1980) , subjected to electrophoresis (15 #g/lane), and blotted onto Hybond paper. The blots were probed with M13 fragments and washed at 65°C in 0.1x SSC. POly A-minus RNA from each of the two tissues was used as a control. Labeling of the tissues was quantified by cutting out the lane of interest and measuring the radioactivity, and then subtracting the radioactivity present in a control lane as background. The mean ratios from three separate experiments were taken.
Southern blots were performed on genomic DNA purified from mouse liver, using nick-translated restriction fragments as probes. Low stringency labeling was carded out by incubating with the probe in 35% formamide at 42°C and washing in 2x SSC at 65°C, while the high stringency incubation was done in 50% formamide at 42°C, followed by a wash in 0.1x SSC at 65°C.
Production of Fusion Protein
The hgtll phage containing both sequence 1 and 2 inserts were streaked out onto a lawn of Y1090 host cells. Induction of fusion protein and labeling of the filters were carried out as described by Huynh et al. (1983) . The primary antibodies used for screening were a mixture of the monoclonal antibody AC1-Mll (Robinson, 1987) and an affinity-purified rabbit polyclonal antiserum against total HA-II 100-kD proteins, prepared essentially as described (Robinson and Pearse, 1986) . Phage that produced a signal were then used as lysogens to infect Y1089 cells (Huynh et al., 1983) . Crude cell lysates were subjected to electrophoresis and blotted, and the blots were labeled with ACI-MI1 (Robinson, 1987) .
In Situ Hybridization
Freshly dissected adult mouse brains were frozen in dry ice, and 12-#m sections were cut using a cryostat. The sections were treated essentially as described by Goedert (1987) , except that they were l~0cked with acetic anhydride after the pronase digestion step, and extracted with chloroform after serial dehydration in ethanol. Hybridization was carried out using single stranded 3:p-labeled M13 probes in a hybridization mix containing 50% formamide for 16-20 h at 42°C, and the slides were washed in 0.1× SSC at 60°C. The probes were prepared by subcloning Hind III/Eco R1 fragments (bases 2,719-3,298 for gene 1 and bases 2,449-3,096 for gene 2) into both mpl8 and mpl9 and synthesizing a labeled second strand which was then cut with Eco R1 (mpl8) or Hind III (mpl9). The mpl9 probes were thus in the antisense direction, while the mpl8 probes were in the sense direction and were used as controls. The slides were exposed on Fuji x-ray film for 3 d to make contact prints, and were then dipped in emulsion and exposed for 2-4 wk before being developed.
Results
Isolation of Two Distinct cDNAs
The approach that was taken for cloning a-adaptin cDNAs was to use oligonucleotidcs based on peptide sequences to screen a bovine brain eDNA library. The NHvterminal sequences of both proteins have been determined and are known to be identical (Robinson, 1987) . For internal sequencing, the c~-adaptins were separated from/3-adaptin by hydroxylapatite chromatography in the presence of SDS (Robinson and Pearse, 1986) , digested with CNBr, and chromatographed on an HPLC column. Although there was some overlap in the elution profile, five of the peptide peaks gave useful sequence, and in some cases, both a major and a minor sequence could be determined. Table I lists the six sequences that were obtained.
Table L Comparison of Bovine Peptides and Mouse Protein Sequences Deduced from the cDNAs
NH2 terminus/Peptide 10:
Peptides 34 and 39 were both used to design synthetic oligonucleotides, but only peptide 34, which later was found to be nearer the COOH terminus of the protein, proved useful for library screening. A mixed oligonucleotide was made from this sequence, incorporating the first 12 amino acids plus a methionine codon at the 5' end. Nine positive clones were obtained, with inserts ranging in size from 0.5 to 1.2 kb. Interestingly, they appeared to fall into two categories. A probe made from the 0.5-kb insert hybridized well to itself but poorly to all the other inserts, while a probe made from one of the other inserts hybridized well to all but the 0.5-kb insert. When some of the inserts were sequenced, the reason became apparent: they coded for two different but closely related proteins, both of which contained sequences nearly identical to that of the peptide. Sequence 1 (Table I) differs from peptide 34 in that it has an alanine substituted for the serine at position 2 and an alanine for the valine at position 19; while sequence 2 has an asparagine substituted for the leucine at position 14. (The substitution seen at position 16 in sequence 1 does not occur in the bovine cDNA; Table I gives the mouse sequences 1 and 2.) For all but the ser/ala substitution, both amino acids could in fact be detected on the sequencer. The most likely explanation for this finding is that the cDNAs are the products of two genes, one of which codes for A and the other for C.
To obtain the complete sequences of the two proteins, a mouse brain cDNA library was used because it had longer inserts. The bovine brain cDNA inserts were used as probes, and 20-30 positive clones were isolated for each of the two transcripts. The sequences of the two mouse cDNAs are shown in Fig. 1 , as well as their predicted protein products. A single screen yielded a clone containing the entire coding sequence of cDNA 2, while for cDNA 1, the 5' end of the coding region was obtained by rescreening the library with a Pst 1 fragment (bases 443-1,012) made from an insert obtained in the first screen. Restriction mapping was carried out on the longest inserts to look for possible polymorphisms (e.g., alternative splicing). Although all of the inserts obtained for cDNA 2 produced similar restriction maps, 4 of the 15 cDNA 1 inserts that were mapped appeared to differ at their 3' or 5' ends. Sequencing these inserts indicated that they were the result of incomplete (rather than alternative) splicing: typical splice donor or acceptor sites were seen, and the putative introns contained in-frame stop codons.
Although the two cDNAs were cloned from mouse, all of the bovine peptide sequences can be easily identified (see Table I and Fig. 1 ). These include the NH2-terminal sequence, beginning with the proline at amino acid position 2. The proline is immediately preceded by methionine in both cases, which probably serves as the initiator and is then cleaved off in the mature protein. The few slight discrepancies between the peptide and the cDNA sequences could be due either to species differences or to contaminating peptides coeluting from the HPLC. Moreover, some of the CNBr fragments of A and C may have eluted at slightly different positions, causing some of the peptide sequences (e.g., sequence 261 to correspond more closely to sequence 1 and others (e.g., sequence 39) to correspond more closely to sequence 2.
Sequence Analysis
Three protein databases were searched for proteins homologous to those encoded by the two cDNAs, but no significant matches appeared. However, as shown in Fig. 2 , the two proteins are remarkably homologous to each other: 783 out of 934 amino acids are identical, and most of the substitutions are conservative ones. The homology is particularly striking towards the NH2-terminus: only a single substitution (lys for arg) is seen for over 100 amino acids. Least homologous is the proline-rich region between amino acids 650 and 750 of sequence 1, where an additional stretch of 41 amino acids, including 11 prolines and 10 acidic residues, occurs in sequence 1 with no correlate in sequence 2.
Partial sequences have also been obtained for the 3' ends of the two bovine cDNAs. Out of 93 amino acids in bovine Table I ). Sequence 1 has a polyadenylation signal and a poly-A tail, and thus has a complete 3' be identified in the two proteins. Although it is not known which if any of these sites are used, studies have shown that at least some of the adaptins are phosphorylated in vivo (Keen and Black, 1986; Bar-Zvi et al., 1988) .
S V N F E Y O O T A O S h T h K L P V T I N $ • r 0 P T E S
871 A A O D F F ~ R W K ~ L $ L P L 0 E A 0 E l F K h N E P N O 2701 rn.-z -*'n~*~ 901A EVT $ A K L L G F O 8 A L L D N V D P N P E N F V G A G 2791 ATCA _ _ ~,~x, * 931 I I O T K A L O V G C L L R L E P N A 0 A 0 N Y R L T L E T 2881 lax.-* 961 S K E P V S N N
[L F p EIVlK A T I QIDIV L RIS 0IS QLIKI~I A [) V E L Q Q I{ A V E Y LIRILSlTIV A S T OIIIL A T {r L E ~" ~I {~ b
P ERES S I LAKLKR
Identity of the Two Encoded Polypeptides
Assuming that one of the two cDNAs codes for A and the other for C, which is which? Two lines of evidence indicate that cDNA sequence 1 codes for A and cDNA sequence 2 for C. First, the predicted molecular weight of the protein product of cDNA 1 is 107,605, while that of cDNA 2 is 104,017. Apparent molecular weights of A and C based on their mobility on SDS gels vary according to the gel system used, but A consistently migrates more slowly than C, with molecular weights estimated at -,112,000 for A and 105,000 for C (Pearse and Robinson, 1984; Ahle et al., 1988) . Second, we have shown that C is expressed in many different tissues, while A has so far only been detected in brain (Robinson, 1987) . To find out whether either of the two cloned cDNAs is brain specific, mRNA was purified from mouse brain and mouse liver, and equal amounts of each were subjected to electrophoresis and blotted. The blots were then probed at high stringency with labeled fragments from the 3' end of inserts containing sequences 1 and 2 (Fig. 3) . The probe for sequence 1 labeled a single band in each tissue of,~4.5 kb, while the probe for sequence 2 labeled two bands in each tissue, of '~4 and 5.5 kb. Both probes labeled brain more strongly than liver, but when the labeling was quantified it was found that expression of sequence 2 in liver was 56% of that in brain, while expression of sequence 1 was only 9 %. Western blotting of whole tissue homogenates indicates that C is more abundant in brain than in liver (Robinson, 1987) , consistent with sequence 2 coding for C; but the finding that a small amount of sequence 1, presumably coding for A, is expressed in liver as well as in brain was unexpected. It may be that the amount of A produced in liver has so far escaped detection by Western blotting.
Another possible way of identifying the two cDNAs is by using monospecific antibodies to study their protein products. Since the cDNAs were cloned in the phage Xgtll, which can be used as an expression vector, there was a chance that some of the DNA might be inserted in such a way as to allow the expression of fusion protein. Accordingly, the phage were grown in a suitable host and the plaques tested for the presence of antigen. Two of the phage containing sequence 1 produced plaques that could be labeled both by an affinitypurified polyclonal antiserum and by monoclonal antibody AC1-Mll, which recognizes both A and C (Robinson, 1987) . Fig. 4 shows a gel and Western blot of Escherichia coli cells after a lysogenic infection with one of the two phage, labeled with AC1-Mll. Although several labeled bands can be seen on the blot, indicative of proteolysis, the highest band runs with the mobility predicted for this particular construct. As expected, neither of the two C-specific monoclonal antibodies, which recognize different epitopes from each other (Robinson, 1987) , labeled protein encoded by sequence 1.
Although a positive result would be more meaningful than a negative result for this experiment, unfortunately none of the cells infected with the sequence 2-containing phage produced any detectable antigen. Nevertheless, the finding that protein encoded by sequence 1 reacts with antibodies against the o~-adaptins provides additional and independent confirmation that the correct cDNA has been cloned.
Search for Other Genes
Are there any other genes that are homologous to those coding for A and C? When the bovine brain library was screened with oligonucleotides, only eDNA sequences 1 and 2 were isolated, but it is possible that the codon bias of the oligonucleotide prevented the detection of other, related cDNAs, or that such genes might not be expressed in brain. Thus, Southern blots of mouse genomic DNA, digested with five different restriction enzymes, were probed with 800-900-bp fragments derived from the 5' ends of sequences 1 and 2 under both high and low stringency conditions (Fig. 5) .
At high stringency (Fig. 5, a and c) , both of the probes produced fairly simple patterns, generally labeling one band strongly with weaker labeling of one or more additional bands, although only a single band is labeled in the two Eco R1 tracks. These results indicate that there is a single copy of each of the two genes in the mouse genome, but that both genes contain restriction sites for most of the enzymes. In some cases, restriction sites can be found in the coding region (for instance, both cDNAs contain Pst 1 sites near the 5' end), while in other cases, the restriction sites presumably occur in introns.
At lower stringency (Fig. 5, b and d) , each of the two probes labeled additional bands, but essentially all of these bands can be accounted for by cross-hybridization between the two genes. For instance, in the Hind llI tracks, both of the probes labeled a heavy band and a light band at high stringency. At low stringency, an additional band appears in each of the Hind HI tracks (Fig. 5, b and d, asterisks) , and it exactly corresponds in size to the heavier band seen at high stringency with the other probe. Because no strong new bands appear, it seems unlikely that there are any other o~-adaptin genes in mouse.
Localization of Transcripts
What function is served by having two different o~-adaptins, one of which is mainly expressed in brain? One way of approaching this question would be to find out which cells in brain express sequence 1 and which express sequence 2, and whether the same cell can express both genes.
To localize mRNA for each of the two sequences, in situ hybridization was carried out on mouse brain sections, using antisense DNA as probes. Two pairs of consecutive serial sections are shown in Fig. 6 , labeled with probes for sequence 1 (Fig. 6 , a and c) and sequence 2 (Fig. 6, b and d) . Both probes labeled some parts of the brain more strongly than others, with the hippocampus, cerebral eorl~, olfactory bulbs, and cerebellar grey matter particularly in evidence. These are all regions where neuronal cell bodies are concentrated, indicating that both genes are expressed in neurons. However, some differences can be seen in the two labeling patterns, one of which is indicated by the arrows. The long arrows point to part of the dentate gyrus of the hippocampus, while the short arrows point to the habenular nucleus of the thalamus. The probe for sequence 2 labeled both of these structures with about equal intensity, while the probe for sequence 1 gave relatively little labeling of the habenular nucleus. Control sections (not shown), which were incubated with sense DNA, showed only very faint uniform labeling.
The same slides were dipped in emulsion for resolution at the cellular level. Fig. 7 shows another region of the hippocampus from the same sections that appear in Fig. 6 , a and b. Both probes strongly labeled the cells of the hippocampus, but the relative labeling of the two different cell types, the pyramidal and granule cells, differs in Fig. 7 , a and b. The probe for sequence 2 (Fig. 7 b) labeled the pyramidal cells much more strongly than the granule cells, while the probe for sequence 1 (Fig. 7 a) labeled both types of cells more equally. Thus, the two genes appear to be expressed in the Robinson c~-Adaptin cDNAs 
Discussion
Previous studies on the adaptins have made use of protein chemistry and monospecific antibodies to try to define the different types of proteins and their functions. In spite of the progress that has been made, many basic questions, such as how many different adaptins there are and how they are related to each other, have remained unanswered. By cloning and comparing the cDNAs coding for proteins, one can address such questions directly; and in addition, tools then become available for learning more about protein function. Adaptins ctA and Ctc are the first to be characterized in this way.
Before the cDNAs were cloned, there seemed to be a good chance that A and C would turn out to be alternatively spliced products of the same gene. The two proteins had been shown to be closely related, with identical NH2-termini; and there were precedents for brain-specific splicing giving rise to a larger protein (Martinez et al., 1987; Jackson et al., 1987) , consistent with the finding that A was only detectable in brain. However, the present study shows that the two pro-teins are in fact encoded by two different genes. The two predicted protein sequences are highly homologous, sharing the same NH2-termini as well as the five other peptides that were sequenced; and both the similarities and the differences that were observed in the two sequences are entirely consistent with biochemical and immunological results.
Three lines of evidence indicate that, of the two cDNAs that were cloned, sequence 1 codes for A and sequence 2 for C. First, sequence 1 encodes a larger polypeptide than sequence 2. Second, expression of sequence 1 in brain is about tenfold greater than in liver, while expression of sequence 2 is about twice that in liver. Finally, the protein product of sequence 1, expressed as a fusion protein, is recognized by antibodies that cross-react with A and C, but not by C-specific antibodies.
A computer search showed no significant homologies between the ot-adaptins and any published protein sequences, nor has any homology been revealed so far between the sequences of the ot and/~-adaptins. One might expect 3,-adaptin to be somewhat related to oL, since it is thought to play an analogous role in the HA-I Golgi adaptor. However, it appears that A and C have no very close relatives, and thus are probably the only two a-adaptins. Southern blotting carried out under low stringency conditions, so that A and C are cross-hybridized to each other, did not reveal the presence of any new genes. Moreover, restriction mapping provided no evidence for alternative splicing within the coding region of the two genes. Thus, the observation that both A and C split into two bands on some gel systems (Ahle et al., 1988) is most likely due to posttranslational modifications such as phosphorylation. Interestingly, Northern blotting indicates that there are two species of mRNA for C. None of the clones that were isolated for C had a complete 3' end, as judged by the lack ofa poly-A tail, but one such clone had a 3' untranslated region of ,ol.5 kb; thus, this particular mRNA species must be over 4.5 kb. Since the two bands seen on Northern blots are ,o4 and 5.5 kb, it is possible that there may be alternative splicing at the 3' untranslated end.
What, if any, are the functional differences between A and C? The only clue available at present is that A is primarily expressed in the central nervous system. However, although Western blotting has so far only detected A in brain and spinal cord (Robinson, 1987; and unpublished observations) , Northern blots of liver mRNA show a small but reproducible amount of transcription of A as well as C. It is possible that only a subset of cells in liver express A: for instance, nerve cells, although the level of expression of A in liver seems to be too high to be attributable to nerve cells alone. In the case of brain, it has been possible to compare the overall distribution of the two messages by in situ hybridization. Both were shown to be most abundant in areas where neuronal cell bodies are concentrated. Moreover, one can conclude that the same neuronal cell types (e.g., the pyramidal cells of the hippocampus) express both genes, although the relative expression of the two genes varies according to cell type. Thus, although higher resolution studies are needed, it seems likely that the same cell can express both A and C. It is not clear how a cell would benefit from the coexpression of two closely related oe-adaptins, but one possibility is that the proteins may be used to form two functionally distinct populations of endocytic coated vesicles. For instance, one ot-adaptin may be used at the synapse and another in the rest of the cell, or they may even be found in the same part of the cell but in different coated vesicles. Antibodies are now being made against synthetic peptides in order to compare the distribution of the two proteins in brain. It will also be important to find out whether A is translated in other tissues such as liver, and if so, whether it is present in the same coated vesicles as C.
It is known that different adaptors associate with different membrane compartments, but precisely how they do so is not clear. Pearse has shown that adaptors bind to the cytoplasmic tails of selected transmembrane proteins, such as the receptors for mannose-6-phosphate and low density lipoprotein (Pearse, 1985 (Pearse, , 1988 , but it seems unlikely that they are anchored by this interaction alone. The same proteins that are concentrated in coated pits on the plasma membrane are apparently excluded from coated pits during their biosynthesis when they pass through the Golgi apparatus (Griffiths et al., 1985) . If adaptors were targeted to a particular membrane compartment solely through their binding to receptor tails, one would expect HA-II adaptors to be recruited to the Golgi apparatus as well as to the plasma membrane. Thus, it seems that there must be another docking mechanism to ensure that adaptors always go to the appropriate organelle. Clearly, more protein chemistry is needed to determine how the different proteins in the adaptor complex associate with each other, as well as with other components of the coated vesicle such as clathrin, receptors, and possible docking sites. The ability to express the cloned cDNAs in E. coli, where they can be experimentally manipulated, should be useful for such studies.
In addition, it should now be possible to learn more about adaptor function by expressing the ot-adaptin cDNAs in tissue culture cells. With such an approach, one could try to create dominant mutants, or look at the role of phosphorylafion, or find out whether the two a-adaptins are interchangeable by expressing A in cells that ordinarily only make C. Moreover, if-t-adaptin turns out to be related to the ot-adaptins, as predicted, one could construct chimeric proteins to try to find out more about how they are targeted to the appropriam membrane compartment. For although we are beginning to understand something about how adaptors function in the sorting of other proteins, we still know nothing about how they themselves are sorted.
